This study investigated improvements in reflective journal writing and classroom performance among pre-service mathematics and science teachers as well as the correlation between reflective journal writing and classroom performance. The study was conducted during a clinical experience where pre-service mathematics and science teachers were placed in 10-week field-based learning experiences during their final semester of the Bachelor of Education degree in Primary Education. Study participants included 30 pre-service mathematics and science primary school teachers, and the study was conducted during the two academic semesters of spring 2017 and fall 2017. A quantitative research approach was followed, and descriptive statistics were determined using Statistical Packages for Social Sciences (SPSS). Data were gathered using two research instruments: the Clinical Experience Evaluation (CEE) survey and a weekly reflective journal. The results of the study revealed that within the 10-week study period, participants improved, with statistically significant differences (p ˂ 0.05), in most dimensions of reflective writing (reflectivity, thoroughness, variety, growth), with the exception of the professionalism dimension. Participants also improved, with statistically significant differences (p ˂ 0.05), in all domains related to classroom performance, except for the assessment domain. Furthermore, throughout the clinical experience, participants showed improvement in the reflective journal dimensions. Finally, we observed that the variety dimension of reflective journal writing contributed statistically to the development of classroom performance.
Introduction
Learning happens when the learner becomes fascinated by information, thinks about it, makes sense of it, and equates it with what they already know. In line with this, a reflective journal is a method for thinking critically and logically about self-development. Göker (2016, p. 64) stated that "Journal writing, within this context, is considered to be new learning tools for teachers to create an awareness on their current practice. Through reflective journals aiming to create critical environments, teachers can provide other teachers with an opportunity to reflect on their existing considering other optional methods and develop reflective leadership."
The implications of reflective journal writing can be traced back to the work of John Dewey (1933) , who identified reflective inquiry as being the "active, persistent, and careful consideration of any belief or supposed form of knowledge in light of the grounds that support it and further conclusions to which it tends." (p. 9) Dewey (1933) claimed that teaching experience is important as a stimulus for reflective thinking, as it requires the identification of problems and their possible solutions that can be implemented in future teaching practices. Extending Dewey's claim, Davis (2006) argued that there is a link between teaching and reflection, whereby fruitful reflection through writing lets pre-service teachers express their opinions about their teaching experiences. As teachers continually encounter unexpected situations and individual differences among their students (Berry, 1999) . More specifically, after teachers observe what is actually happening in the classroom, they keep their notes in journals. These notes include different reflections, which provide them with opportunities to identify their needs for class practice enhancements and improve reflective practice (Göker, 2016) .
Furthermore, practicing reflective thinking by writing a reflective journal can directly impact professional growth and make connections between mentoring practices and writing reflections (Sempowicz & Hudson, 2012) . Moreover, writing a critical reflective journal about the development of their actual teaching experience is considered a vital skill (Bell & Gillet, 1996) . Furthermore, Swafford, Jones, Thornton, Stume, and Miller (1999) argued that reflective writing facilitates enhanced confidence in teaching mathematics and helps teachers shift the teaching process from traditional textbook-based instruction towards problem-solving and hands-on learning.
For these reasons, improving future teachers' capability to reflect is a key goal of teacher preparation programs (Hatton & Smith, 1995) . Reflection through writing leads pre-service teachers to anatomize their training experience as they rethink and revise it (Isikoglu, 2007) . Reflective journal writing has been identified as an essential tool to promote high-level critical thinking within preservice teacher preparation programs (Lindroth, 2015) . For these reasons, it is a common practice in many teacher training programs and is considered a critical component of development in all aspects of the progress of pre-service teachers (Morrison, 2009 ).
The existing literature has thoroughly explored the field of reflective thinking, teaching, and learning, including the efficacy of reflective journaling for teachers. Some researchers have found that pre-service teachers who used reflective writing in their preparation programs showed improvement in their teaching skills (Heichel & Miler, 1993; Risko, Roskos & Vukelich, 2002) . In the same domain, Davis (2006) argued that pre-service teachers could assimilate their ideas about their teaching in their written reflections. Gikandi (2013) conducted a case study in which 12 post-graduate teachers at a New Zealand university wrote their reflections in an open online reflection journal (ORJ). The study evaluated the extent to which the ORJ stimulated self-assessment and how the reflections fostered learning, showing that an ORJ offers a good tool to facilitate both productive self-assessment and formative assessment. Meanwhile, Knapp (2012) used her students' reflective journals to study their educational experiences based on her assumption that journal writing helps instructors to be more understanding of their students' learning experiences.
Other studies of the relationship between reflective writing and teaching go into more depth on the topics that pre-service teachers learn about through reflective writing, its impact on their beliefs and attitudes, and what it reveals about the learning process. For example, Uline, Wilson, and Cordry (2004) investigated 86 pre-service teachers involved in secondary practicum experiences in which they were required to complete 85 hours in classrooms. During the practicum, the pre-service teachers were engaged in many activities, including writing a final reflection journal entitled "My most significant learning experience." In their responses, the pre-service teachers identified a wide variety of topics: specifically, behavior management, teacher flexibility, and time management were ranked as the most significant issues encountered during clinical practice. In order to uncover the effect of reflective journal writing on pre-service science teachers' beliefs, Love (2001) had participants keep daily reflective journals and complete the Science Teaching Efficacy Belief Instrument. Data were collected through surveys, studied journals, lesson plans, observations, and discussions. The results showed that reflective journal writing did influence the pre-service teachers' beliefs towards science teaching, and they also revealed that preservice teachers believed that science teaching could be an enjoyable process for both students and teachers and that they subsequently felt more confident about modifying lessons. A qualitative research study carried out by Shoffner (2008) explored using weblogs with pre-service teachers, who completed 263 weblogbased reflections and participated in interviews as an additional data source. The results showed that pre-service teachers engaged in an alternative form of reflection that co-existed with established structures of reflective practice. In the same domain, Davis (2006) conducted research to determine how pre-service teachers synthesize their ideas about learners and instruction, showing that this reflection can aid new teachers in integrating these ideas and developing a multifaceted view of teaching.
Researchers have also made connections between reflective journaling and teacher performance. Cengiz and Karatas (2015) investigated the effects of reflective journaling on pre-service chemistry teachers' achievement over eight weeks. Pre-and post-tests were administered in addition to interviews, and results showed that the reflective journal activities enhanced pre-service teachers' achievement scores and had positive effects on their meta-cognition skills and learning. Hatton and Smith (1995) investigated pre-service teachers' reflections using an analysis methodology to examine the content and level of their reflection and how it related to their professional development. The results showed that supporting reflective skills can positively affect pre-service teachers' professional development.
The literature review has addressed the impact of reflective journal writing on classroom performance. Numerous studies have noted that practicing reflective thinking through reflective journals contributes to the development of teaching skills and classroom performance (Gungor, 2016; Cohen-Sayag & Fischl, 2012; Rodman, 2010; Gonen, 2016) . For example, in a study conducted by Gungor (2016) , which aimed to enhance reflective practices for pre-service English teachers via microteaching sessions, reflective journals, and lesson plans, it was found that reflecting practices and sharing additional comments on actual teaching through videos and diaries allowed pre-service teachers the opportunity to identify their strengths and weaknesses. It also allowed them to achieve deeper reflection, evaluate, understand, and improve their reflective teaching practices, and reduce the gap between idealistic and real teaching considerations. In another study, Cohen-Sayag and Fischl (2012) explored changes in levels of pre-service teachers' reflective writing and examined the impact of these changes on their teaching success. The study compared two groups of teachers-one that journaled and the other that did not. Journal analysis showed three reflective levels of explanations: descriptive, comparative, and critical. The study found that both groups improved in descriptive levels of explanations, but only the reflective group was found to have improved their ability for higher levels of reflective explanations. The results also showed a positive correlation between reflective writing and teaching skills.
Similarly, another researcher Rodman (2010) , found that having pre-service teachers engage in reflection as part of their teacher preparation experiences had a positive impact on improving pedagogical knowledge, teaching performance and professional development. In another study, Gonen (2016) explored the effect of engaging pre-service teachers in a reflective reciprocal peer coaching exercise on the development of reflective thinking skills. Gonen investigated whether such experiences could be linked to changes in teacher reflectivity. Using a mixed-method research design, the study showed that pre-service teachers advanced their reflectivity throughout the reflective reciprocal peer coaching practice experience.
The overarching goal of these studies was to enhance teacher education by helping pre-service teachers practice what they had learned. Moreover, they aimed to highlight the benefit of reflective journals, which enhance pre-service teachers' teaching methods when used as part of teacher practicum education. However, no studies to date have examined the specific relationship between reflective journaling and teacher performance in particular dimensions. The innovation of this current study lies in its investigation of the improvement in both reflective journal writing, and classroom performance among participating pre-service teachers during a clinical experience wherein they were placed on 10-week field-based learning experiences during their final semester of the Bachelor of Education degree in Primary Education. Our research thus explores the improvement of pre-service teachers' reflective journal writing in five dimensions (reflectivity, thoroughness, variety, growth, and professionalism) and the improvement in their classroom performance. To achieve the aims of the study, we address the following research questions:
1. To what extent did pre-service mathematics and science teachers improve their reflective journal writing and classroom performance during the clinical experience? 2. Do the improvements in reflective journal writing correlate with improvements in the classroom performance of pre-service teachers?
Method Study context and participants
The College of Education at Qatar University offers a math-and science-focused primary education program. The mission of the program is to prepare graduates who are skilled, reflective, and dedicated practitioners in mathematics and science primary education and leaders in providing a world-class education to the students in schools.
As pre-service teachers develop through their clinical internship programs, the focus of their training increasingly shifts towards field-based learning experiences. Therefore, pre-service teachers do 10-week clinical experience placements during their final semester of the Bachelor of Education degree in Primary Education. This clinical experience offers them the chance to reflect on their improved knowledge and to develop and assess their classroom skills.
The College of Education places pre-service teachers in local independent schools where they are supervised by a mentor teacher. The pre-service teachers also complete activities during their clinical experiences that require them to apply new skills and to reflect on learned skills. During the clinical experiences, academic supervisors and mentors observe the pre-service teachers in their classrooms to provide them with ongoing feedback as well as to conduct two formal evaluations in the form of classroom performance assessments. The first is used as a formative assessment and is considered a midterm exam, and both the academic supervisors and mentors participate in the evaluation process. At the end of the semester, a second evaluation is used as a summative assessment and is considered the final exam. Furthermore, during the 10-week semester of the clinical experience, the pre-service teachers are asked to reflect on their experiences in the classroom by writing a weekly reflective journal entry, which is submitted to both the academic supervisors and the classroom mentors. The study participants were 30 pre-service mathematics and science primary school teachers. The study was carried out over two academic semesters: spring 2017 and fall 2017.
Instrumentation
Two research instruments were utilized in the study. To evaluate the classroom performance of the pre-service mathematics and science teachers, the Clinical Experience Evaluation (CEE) survey was utilized as a midterm and final assessment tool. The CEE survey includes 51 items rated on a four-point Likerttype scale arranged as follows: 4 = target, 3 = satisfactory, 2 = needs improvement and 1 = unsatisfactory. The 51 CEE survey items were distributed over nine classroom performance domains to be assessed, namely: lesson planning and materials needed; teaching and classroom management; language, literacy, and numeracy; learning environment; relevance and extensions; information and communication technology; assessment; using pedagogy to improve learning; and subject area knowledge.
The second research instrument used in this study was developed every week by the pre-service teachers themselves. This study utilized weekly reflective journal writing to examine the progress of the pre-service teachers' reflective skills. The weekly journals included reflective writing about their personal thoughts, feelings, and insights into their teaching experience and events. Moreover, these reflections were based on many different experiences and provided extensive perspectives on many aspects related to teaching and learning. Meanwhile, it also allowed for high confidentiality and ethical standards. This method also maintained respect for the teaching profession while also clearly demonstrating the teachers' growth in skills, understanding, and professionalism. A reflective journal writing rubric was utilized to assess the skill of reflective journal writing, including the five dimensions of reflectivity, thoroughness, variety, professionalism, and growth; these were rated as 4 = target, 3 = satisfactory, 2 = needs improvement, and 1 = unsatisfactory.
Validity and reliability of the research instruments
To establish the validity of the two research instruments, i.e., the CEE survey and the reflective journal writing rubric, we gave them to a group of seven referees who were members of the Clinical Partnerships and Practice Committee for the National Council for the Accreditation of Teacher Education (NCATE). In addition, the survey and the rubric were field-tested on 10 pre-service teachers who were not among the study participants. Changes indicated by the validation panel and the field testing were considered during the development phase of the research instrument, and as a result, some items of the CEE survey were deleted, and others were added. In addition, some changes were made to the reflective journal writing rubric. To satisfy the reliability of the research instruments, the internal reliabilities (Cronbach's alpha coefficient) were established for the dimensions of the CEE survey. The calculated alpha coefficients ranged from 0.82 to 0.91, thus indicating a satisfactory level of reliability (Creswell, 2014) . Moreover, to satisfy the reliability for reflective journal writing rubrics, we calculated the rater (or scorer) reliability, which refers to the consistency of the scores assigned by two independent raters (Barbara & Jon, 2000) . The academic supervisors and mentors were asked to assess the reflective journals for five pre-service teachers who were not included in the sample. The interrater reliabilities were calculated, and they ranged from 0.87 to 0.96, indicating the high reliability of the reflective journal writing rubric.
After designing the research instrument and before utilizing it, the researchers obtained Research Ethics Approval No. QU-IRB 811-E/17 from the University Institutional Review Board, which gave official permission to collect data for this study.
Data Analysis
This study followed a quantitative research approach. Descriptive statistics were utilized using Statistical Packages for Social Sciences (SPSS). Cronbach's alpha coefficients were determined for the items of the CEE survey, and the whole survey was calculated to verify the reliability of the research instrument. In addition, the interrater reliabilities were calculated to verify the reliability of the reflective journal writing rubric.
We utilized various statistical tests to answer the first research question examining the improvements of pre-service mathematics and science teachers in their reflective journal writing and classroom performance over time during the clinical experience. The improvements in reflective journal writing were examined by calculating the means and standard deviations, which were then used in the repeated measures ANOVA analysis. The Greenhouse-Geisser test was used to compare the five measures of the mean scores for each of the five dimensions of reflective journal writing during the 10 weeks of clinical experience. This was done because the Greenhouse-Geisser test is suitable for assessing change in outcomes based on three or more observations over time or within-subjects where the means and standard deviations should be reported for each observation of the outcome with Greenhouse-Geisser corrections (Greenhous-Geisser, n.d.) In addition, the means, standard deviations, and paired sample t-tests were examined to determine whether there were any statistically significant differences between the midterm and final pre-service classroom performances by comparing the mean scores of the mid and final CEE surveys. Moreover, we used pairwise comparisons to examine whether there were any statistically significant differences for the mean scores of the multiple comparisons of the five measures for each dimension of reflective journal writing during the clinical experience.
To shed light on the second research question, which asks whether the improvements in the reflective journal writing correlated with the improvements in the pre-service teachers' classroom performance, a linear regression analysis was utilized for the data representing the last measures of the reflective journal writing mean scores and the final CEE survey mean scores.
Findings

Improvement of pre-service teachers' reflective journal writing and classroom performance
To examine the improvement of the pre-service mathematics and science teachers in their reflective journal writing using means and standard deviations as well as through repeated measures ANOVA analysis, we utilized Greenhouse-Geisser tests for each dimension of reflective journal writing, namely, reflectivity, thoroughness, variety, professionalism, and growth.
Findings related to the improvement of measure 1: Reflectivity As shown in Table 1 , the mean scores of the reflectivity dimension increased during the clinical experience, from 2.87 to 3.73. To examine the overall significant difference between the means at the different time points for the reflectivity dimension, we utilized the Greenhouse-Geisser test to explore the effects within subjects. The results revealed that there were statistically significant differences among the five mean scores of the reflectivity dimension in reflective journal writing during the 10 weeks of the clinical experience. As the data did not conform to the assumption of sphericity, the Greenhouse-Geisser row values were considered. The findings from the ANOVA with repeated measures and a Greenhouse-Geisser correction revealed that the mean scores for reflectivity were statistically significantly different (F(3.156, 91.538) = 16.313, p < 0.05) with a partial eta squared effect size of 0.360.
The results indicated overall significant differences in the means, but to know where those differences occurred, the Bonferroni post hoc test (pairwise comparisons) was utilized ( Table 2 shows that the findings obtained using the pairwise comparisons test revealed statistically significant mean score differences in pre-service mathematics and science teachers' journal writing in the reflectivity dimension. The differences started between the first and fifth weeks (third measure), and between the seventh week (fourth measure) and the ninth week (final measure), while there were no statistically significant differences in the mean scores between the first week (first measure) and the third week (second measure). No statistically significant differences were found between the fifth week (third measure) and the seventh week (fourth measure).
Findings related to the improvement of measure 2: Thoroughness
As shown in Table 3 , the mean scores of the thoroughness dimension increased during the clinical experience, from 2.24 to 3.55. To examine the overall significant difference between the means at the different time points for the thoroughness dimension, we utilized the Greenhouse-Geisser test to explore the effects within subjects. The results revealed statistically significant differences among the five mean scores of the thoroughness dimension in the reflective journal writing during the 10 weeks of the clinical experience. The findings achieved using an ANOVA and repeated measures with a Greenhouse-Geisser correction revealed that the mean scores for thoroughness were statistically significantly different (F(3.114, 87.180) = 30.199, p < 0.0005) with a partial eta squared of 0.519.
The results indicated overall significant differences in the means, but to know where those differences occurred, the Bonferroni post hoc test (pairwise comparisons) was utilized (Table 4) to determine which specific means differed. As shown in Table 4 , the findings obtained using the pairwise comparisons test revealed statistically significant differences in the mean scores of the pre-service mathematics and science teachers' journal writing in the thoroughness dimension. The differences started between the first week and the third week (second measure), and in contrast with measure 1 (reflectivity), they continued throughout the whole period. Meanwhile, there were no statistically significant differences in the mean scores of the pre-service teachers' journal writing in the thoroughness dimension between the third week (second measure) and the fifth week (third measure). No statistically significant differences were found between the fifth week (third measure) and the seventh week (fourth measure) or between the seventh week (fourth measure) and the ninth week (fifth measure).
Findings related to the improvement of measure 3: Variety
As shown in Table 5 , the mean scores of the variety dimension increased during the clinical experience, from 2.43 to 3.37. To examine the overall significant difference between the means at the different time points for the variety dimension, we utilized the Greenhouse-Geisser test to explore the effects within subjects. The results revealed statistically significant differences among the five mean scores of the variety dimension in the reflective journal writing during the 10 weeks of the clinical experience. The findings were analyzed using an ANOVA and repeated measures with a Greenhouse-Geisser correction, revealing that the mean scores for variety were statistically significantly different (F(3.070, 89.042) = 30.513, p < 0.0005) with a partial eta squared of 0.513.
The results indicated overall significant differences in the means, but to know where those differences occurred, the Bonferroni post hoc test (pairwise comparisons) was utilized (Table 6 ) to determine which specific means differed. Table 6 shows that the findings obtained using the pairwise comparisons test revealed statistically significant differences in the mean scores of the pre-service mathematics and science teachers' journal writing in the variety dimension. These differences were between the first week and all the other weeks, and there were no statistically significant differences in the mean scores of the pre-service teachers' journal writing in the variety dimension between the third week (second measure) and the fifth week (third measure). No statistically significant differences were found between the fifth week (third measure) and the ninth week (fifth measure) or between the seventh week (fourth measure) and the ninth week (fifth measure).
Findings related to the improvement of measure 4: Professionalism
As shown in Table 7 , the mean scores of the professionalism dimension increased during the clinical experience, from 3.70 to 3.97. To examine the overall significant difference between the means at the different time points for the professionalism dimension, we utilized the Greenhouse-Geisser test to explore the effects within subjects. The results revealed no statistically significant differences among the five mean scores of the professionalism dimension in the reflective journal writing during the 10 weeks of the clinical experience. The findings were analyzed using an ANOVA and repeated measures with a Greenhouse-Geisser correction, revealing that the mean scores for professionalism were not statistically significantly different (F(2.128, 61.708) = 2.704, p < 0.0005) with a partial eta squared of 0.085.
Findings related to the improvement of measure 5: Growth
As shown in Table 8 , the mean scores of the growth dimension increased during the clinical experience, from 2.07 to 3.27. To examine the overall significant difference between the means at the different time points for the growth dimension, we utilized the Greenhouse-Geisser test to explore the effects within subjects. The results found statistically significant differences among the five mean scores of the growth dimension in the reflective journal writing during the 10 weeks of the clinical experience. The findings were analyzed using an ANOVA and repeated measures with a Greenhouse-Geisser correction, revealing that the mean scores for growth were statistically significantly different (F(3.119, 90.462) = 26.550, p < 0.0005) with a partial eta squared of 0.478.
The results indicated overall significant differences in the means, but to know where those differences occurred, the Bonferroni post hoc test (pairwise comparisons) was utilized (Table 9 ) to determine which specific means differed. Table 9 shows that the findings analyzed using a pairwise comparison revealed statistically significant differences in the mean scores of the pre-service mathematics and science teachers' journal writing in the growth dimension. The differences existed between the first week and all the other weeks and also between the second measure (third week) and the fifth measure (ninth week).
Meanwhile, there were no statistically significant differences in the growth dimension between the other measures during the clinical experience.
Findings related to the improvement of classroom performance
To examine the improvement of the pre-service mathematics and science teachers' classroom performance, we calculated the means and standard deviations of the CEE survey scores and utilized a paired sample t-test. As shown in Table 10 , the findings of the study revealed statistically significant differences between the pre-service teachers' mean scores on the midterm and final CEE surveys regarding their classroom performance in all of the nine domains except for the assessment domain. This result indicates that pre-service mathematics and science teachers did improve their classroom performance during the clinical experience, with statistically significant differences. 
Findings related to the correlation between the improvements in reflective journal writing and classroom performance
To answer the second research question, which asks whether the improvements in reflective journal writing correlated with the improvements in the pre-service teachers' classroom performance, we utilized a linear regression analysis for the data representing the last measures of the mean scores for reflective journal writing and mean scores for the final CEE survey.
The R² value shows how classroom performance (the dependent variable) influences the independent variable of reflective journal writing. The model summary resulted in an R-value of 0.668, meaning that 33.1% of the variation in classroom performance can be explained by reflective journaling. This result represents the simple correlation and indicates an intermediate degree of correlation. In addition, the results of the ANOVA, which expresses how well the regression equation fits the data, indicate that the regression model was able to predict the dependent variable, namely classroom performance, significantly well (F(5,24)= 3.872, p < 0.0005).
The coefficients table (Table 11) provides us with the necessary information to predict classroom performance based on reflective journal writing performance. The results presented in Table 11 reveal that the variety dimension in reflective journal writing contributes to the development of classroom performance with a beta value of 0.508. This result is statistically significant. 
Discussion
Many researchers assert that developing the individual's ability to reflect is a major component of any teacher preparation program, and since pre-service teachers must reflect in order to analyze what they have felt, heard, and seen in their clinical experience, reflection is also an effective tool for developing teachers professionally (Efe, 2009) . As a result, researchers' interest in reflective thinking has grown significantly in the past few decades. Yet the literature has not explored the connection between improvement in the five dimensions of pre-service teachers' reflective journal writing (reflectivity, thoroughness, variety, professionalism, and growth) and improvement in their classroom performance during a clinical experience and related to the effect of time. Our study contributes to the literature by making a step in this direction. The results revealed an improvement in most dimensions of reflective journal writing (all except for professionalism) within the 10-week period, with statistically significant differences (p ˂ 0.05). In addition, the results of the study showed improvement in almost all domains (except for assessment) related to classroom performance within the 10-week period, with statistically significant differences (p ˂ 0.05). This result is consistent with other studies addressing the positive effects of practicing reflective thinking through reflective journal writing on pre-service teachers' classroom performance (Gungor, 2016; Cohen-Sayag & Fischl, 2012; Rodman, 2010; Gonen, 2016) .
In the reflectivity dimension of reflective journal writing, these results show a statistically significant improvement between week one and week nine. Based on the description in the scoring rubric, these results demonstrate that pre-service teachers made improvements in being able to reflect in a way that was deeply thoughtful and provided personal thoughts, feelings, and insights. This result aligns with a study by Gonen (2016) , which highlights that practicing reflective thinking skills enhances pre-service teachers' reflectivity. We also noted that although the results revealed overall improvement, there was no significant change between week one and week three or between week five and week seven. This could indicate that pre-service teachers needed more time to make a significant improvement and that two weeks was not quite enough to improve substantially. Another factor that may have affected this result is that the pre-service teachers' clinical experience in the first four weeks focused more on partial teaching in the classroom, so they did not have full teaching responsibility at that time.
In the thoroughness dimension, our results also showed significant improvement in pre-service mathematics and science teachers' reflective journaling between week one and week nine. The differences started between the first week and the third week and continued over the whole period compared with the first measure. This result demonstrates that pre-service teachers became increasingly capable of writing reflections that were substantive, thorough, and provided a detailed view of how they experienced their teaching assignments. Here again, we noticed periods where there was no significant improvement: in the case of thoroughness, improvements began between the third and fifth weeks the fifth and seventh weeks, and the seventh and ninth weeks and the ninth week. As is the case with reflectivity, we suggest that the two-week duration between measuring points was not quite enough to make a significant improvement in thoroughness and that the nature of the clinical experience, in which pre-service teachers had increased teaching responsibility after the first four weeks, affected this result.
One of the most interesting findings in this study is that we observed a significant improvement in the variety dimension of reflective journal writing, and this dimension was the only one that significantly correlated with improvement in the pre-service teachers' classroom performance. This result indicates that encouraging pre-service teachers to write narratives on a wide variety of experiences and explore detailed reports on many dimensions of teaching and learning correlates with and contributes statistically to the development of their classroom teaching performance.
This finding aligns with the work of Uline, Wilson, and Cordy (2014) , who found that reflection on a wide variety of topics enhances classroom management, teacher flexibility, and time management of pre-service teachers. Furthermore, our result is consistent with other studies addressing the benefits of reflective journal writing, that show it helps teachers in training to modify lessons (Love, 2001) , develop a multifaceted view of teaching (Davis, 2006) , enhance meta-cognition skills and learning (Cengiz & Karatas, 2015) , and participate in professional development (Hatton & Smith, 1995) .
Our study also showed high levels of professionalism among pre-service science and math teachers. Based on the description of professionalism in the scoring rubric, participants developed their ability to generate reflections that exhibited high confidentiality and ethical standards. They were also found to have great respect for the teaching profession throughout the study. However, this improvement in professionalism was not statistically significant.
Lastly, we found pre-service teachers demonstrated a statistically significant improvement in the growth dimension during the period of the study, meaning that they became increasingly able to write reflections that demonstrated their growth in skill, understanding, and professionalism. Our finding adds to the consensus that because reflective journal writing contributes to pre-service teachers' growth, it should be a focus of teacher training and development (Halliday, 1998; Tomlinson, 1999; Gheith & Aljaberi, 2018; Al-Shokaa, 2007) .
Conclusions
This study investigated the improvement of reflective journal writing and classroom performance among pre-service mathematics and science teachers during a 10-week clinical experience in their final semester of the Bachelor of Education degree in Primary Education. Our findings demonstrate a significant improvement in both pre-service teachers' reflective writing skills and their classroom performance. These results imply that it would be worthwhile for teacher preparation programs to pay more attention to giving pre-service teachers field-based learning experiences that integrate reflective journal writing. We analyzed the five specific dimensions of reflective journal writing (reflectivity, thoroughness, variety, growth, and professionalism) and examined the correlation between each dimension and classroom performance. We observed that the variety dimension contributes significantly to the development of pre-service classroom teaching performance. On this basis, we recommended that more attention be paid to this dimension. When using reflective journals in teacher training, prospective teachers should be encouraged to write narratives on a wide variety of experiences and thoroughly explore their perspectives on the many dimensions of teaching and learning. Such variety in pre-service teachers' journal writing practice will contribute to the development of their classroom teaching performance.
Some results were expected, including our finding that there were no significant differences in pre-service teachers' improvement in writing reflective journals within a short time. We thus recommend that teacher preparation programs give candidates sufficient time for field-based experiences that will allow them to develop their classroom performance and reflective writing skills. Although this study utilized different statistical measures and tests, since it followed the quantitative research approach, there are some limitations such as the size of the study sample and conducting interviews and integrating qualitative data analysis. Thus, more qualitative research is recommended to develop an in-depth understanding of how reflective journal writing might contribute to the development of classroom performance.
